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Studies on the influences of climate change on biogeochemical cycles and on the key vulnerabilities 
and the risk from climate change suggest that annual surface temperature rise of 1℃, 2℃ and 3℃ 
above the present level would lead to changes in extreme weather and climate events, food production, 
fresh water resources, biodiversity, human mortality, etc. Here two sets of simulations as performed 
with seventeen atmosphere-ocean general circulation models (AOGCMs) for the Fourth Assessment 
Report of the Intergovernmental Panel on Climate Change (IPCC AR4), i.e. the model outputs from the 
20th Century Climate in Coupled Models (20C3M) and from the Special Report on Emissions Scenarios 
(SRES) emission scenarios B1, A1B and A2, are used to analyze spatial and temporal characteristics of 
the above values in China over the 21st century. The results indicate that the rate of warming varies from 
region to region. The above values are reached much later (earlier) when emission amount is lower 
(higher), and spread of the time when the lower (higher) value is exceeded is narrower (wider) among the 
three scenarios. As far as the spatial pattern is concerned, the above values are crossed much earlier in 
northern China and the Tibetan Plateau with respect to the Yangtze-Huaihe River Valley and South China. 
surface temperature, warming, climate model, projection 
Climate change is closely related to our living environ-
ment and has been one of the most important and active 
branches in geosciences. Global mean surface tempera-
tures have risen by 0.74±0.18℃ over the 1906 to 2005 
period and the rate of warming over the last 50 years is 
almost double that over the last 100 years[1]. Under 
global warming, sustainable development of economy is 
greatly limited by climate change, environmental dete-
rioration, ecological degeneration, etc. As well known, 
spatial and temporal climate conditions are quite com-
plicated in China which is situated in the East Asian 
monsoon areas and adjacent to the western North Pacific. 
Furthermore, natural environmental conditions, highly 
influenced by geographic location and topographic and 
geomorphic features, are generally poor and most re-
gions are susceptible and vulnerable to climate change. 
While global warming is gradually intensified since 
the late 1970s, climate conditions in China undergo 
some changes. For example, frequency of extreme 
weather and climate events, such as drought, flood, hot 
summer weather, and frost disasters, has increased, 
which impacts greatly social systems and causes consid-
erable loss of national economy. Statistically, annual 
meteorological disasters can account for 3%―6% of the 
Gross Domestic Product of China during the 1990s, with 
a larger percentage in the years featured by significant 
climate anomalies[2,3]. At the beginning of the 21st cen-
tury, weather and climate disasters in China tend to in-
tensify and lead to a much severer loss of industrial and 
agricultural production, national economy, and human 
life and property, which results in a variety of key social  
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and environmental problems. In the past few years, the 
extreme drought event in Chongqing in 2006, the heavy 
flood event in the Huaihe Valley in 2007, the disaster of 
low temperature, frozen rain, snow, and frost in South 
China in 2008, and the severe drought in northern China 
in 2009 are well known. 
In the field of key vulnerabilities and the risk from 
climate change, some observed key impacts have been at 
least partly attributed to anthropogenic climate change. 
Among these include increases in human mortality, loss 
of glaciers, and rises in the frequency and/or intensity of 
extreme events such as heatwaves and tropical cyclones, 
all of which give rise to a series of severe social and en-
vironmental problems, especially in the areas vulnerable 
to climate change. Moreover, it is suggested that if an-
nual surface temperature further exceeds several critical 
values of 1℃, 2℃, 3℃, 4℃ and 5℃ above the present 
level, the corresponding climate changes would impact 
heavily more social and environmental systems, e.g. 
food security and loss of biodiversity, particularly in 
developing countries where economic condition and 
public welfare are poor[4]. Therefore, it is of importance 
to investigate spatial and temporal characteristics of the 
above critical values in China under global warming. In 
recent years, some works on climate change have been 
performed by Chinese scientists, such as numerical 
simulations of anthropogenic climate change using cli-
mate models[5–18], analyses of climate change trend us-
ing available models’ datasets[19–26], and other pertinent 
projection researches[27–29], etc. However, how the above 
critical values would evolve in China over the 21st cen-
tury remains an open question so far. 
Based on a variety of emission scenarios for atmos-
pheric greenhouse gasses and aerosols, a number of cli-
mate models have been used to simulate anthropogenic 
climate change in the future, and globally averaged sur-
face temperature is projected to increase by 1.1―6.4℃ 
at 2090―2099 relative to 1980―1999[30]. As such, as-
sessing potential influences of climate change on socio-
economic systems and vulnerabilities and the risk from 
climate change in China is greatly important for under-
standing the future trend of climatic, environmental, and 
ecologic conditions and for making mitigation and ad-
aptation strategies in the context of sustainable devel-
opment of national economy. Therefore, datasets derived 
from seventeen AOGCMs participating in the IPCC AR4 
are used to analyze spatial and temporal characteristics 
of surface warming of 1℃, 2℃ and 3℃ in China over 
the 21st century in the present study. 
1  Data and method 
Twenty-three AOGCMs’ simulations as forced by a se-
ries of emission scenarios are registered in the IPCC 
AR4. According to availability of integral surface tem-
perature results derived from the SRES low (B1), me-
dium (A1B), and high (A2) range emission scenarios[31], 
seventeen IPCC AR4 AOGCMs’ monthly surface   
temperature datasets for 2004 through 2099 are applied   
here. They are BCCR_BCM2.0, CCCMA_CGCM3.1 
(T47), CNRM_CM3, CSIRO_Mk3.0, CSIRO_Mk3.5, 
GFDL_CM2.0, GFDL_CM2.1, GISS-ER, INMCM3.0, 
IPSL_CM4、MIROC3.2 (medres), ECHO_G, ECHAM5/ 
MPI-OM, MRI_CGCM2.3.2, CCSM3.0, PCM1, and 
UKMO_HadCM3. More information about these state- 
of-the-art models can be found at the website http:// 
www-pcmdi.llnl.gov/ipcc/about_ipcc.php. In addition,  
the above models’ monthly surface temperature outputs 
from 1990 to 1999 in the 20C3M experiment are also 
utilized. 
Every AOGCM is characterized by slightly or sig-
nificantly different dynamical framework, physical and 
chemical processes, parameterization schemes, spatial 
and temporal resolutions, and so on. We therefore cannot 
expect the same responses even if these AOGCMs are 
forced by the same or similar emission scenarios for 
atmospheric greenhouse gasses and aerosols. Since the 
methodology to assess the fidelity of the AOGCMs’ 
projections remains unresolved so far, each AOGCM 
projection is usually regarded as a probability of an-
thropogenic climate change in the future. At the same 
time, it is revealed that multi-model ensemble mean usu-
ally shows a higher reliability to reproduce the present 
East Asian climate relative to an individual model[32–34]. 
Therefore, multi-model arithmetic mean with the same 
weights is applied here, which has been widely used in 
the projection of anthropogenic climate change[30]. 
At present, levels of global mean temperature change 
are variously calculated in the literature with respect to 
the pre-industrial temperature in a specified year such as 
1750 and 1850 or to the average temperature within a 
specified period such as the 1961―1990, 1980―1999, 
and 1990―2000 periods. Since the latter is mostly em-
ployed in the relevant chapters of the IPCC AR4[4] and 
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the seventeen models’ data are only partly available for 
2000, the 1990―1999 period is chosen as the baseline 
period here. Given that horizontal resolution varies with 
model, the bilinear interpolation method is first applied 
to all of the AOGCMs’ annual surface temperature data 
in order to generate uniform datasets with a consistent 
horizontal resolution of 5° by 5°. According to each of 
the SRES B1, A1B, and A2, three series of the seven-
teen-model ensemble mean surface temperature field 
from 2004 to 2099 are then figured out by use of the 
same weights. In the same way, baseline climatology of 
the seventeen-model ensemble mean surface tempera-
ture for the 1990 to 1999 period is calculated as well. 
Finally, three series of difference fields of the seven-
teen-model ensemble mean surface temperature for the 
2004 to 2099 period, relative to the baseline climate, are 
obtained in terms of each scenario. It should be noted 
that influences of topographic differences among the 
models on interpolation results have been avoided when 
surface temperature differences between the above two 
periods are calculated. 
Here, a preliminary evaluation of the models’ fidelity 
to reproduce surface temperature climatology for the 
1990 to 1999 period is performed with respect to the 
Climatic Research Unit (CRU) data with a horizontal 
resolution of 0.5° by 0.5°[35]. In consideration of high 
horizontal resolution of the CRU surface temperature 
and topography data, an area-averaged extrapolation 
approach is used to obtain a coarse horizontal resolution 
of 5° by 5°. Since topography is found to vary with 
model when sixteen models’ topographic data (the 
UKMO_HadCM3 topographic data are not available) 
are uniformly converted into a grid mesh of 5° by 5°, the 
effects of topographic difference on surface temperature 
are taken into account when the seventeen-model en-
semble mean surface temperature for the 1990 to 1999 
period is calculated. Therein, an atmospheric lapse rate 
of 0.65℃ per 100 m is assumed. Figure 1 shows that 
observational geographical distribution of annual surface 
temperature in East Asia is reasonably captured by the 
models on a large scale. For instance, in China, observa-
tional annual surface temperature is distributed zonally 
and drops northward, and a large extent of cooling ap-
pears over the Tibetan Plateau, which can be ascribed to 
in situ high topography. In general, the seventeen-model 
ensemble mean coincides well with the above spatial 
pattern. On the contrary, disagreements between the en-
semble mean and observation are also presented, such as 
a cooling bias of annual surface temperature as simu-
lated by the state-of-the-art models[32–34], particularly 
over the Tibetan Plateau. In a quantitative way, spatial 
correlation coefficients between the CRU observation 
and each of the seventeen models and their ensemble 
mean are respectively figured out on the basis of 
forty-one grid points within China. The coefficients are 
0.978 (BCCR_BCM2.0), 0.976 (CCCMA_CGCM3.1 
(T47)), 0.968 (CNRM_CM3), 0.988 (CSIRO_Mk3.0), 
0.992 (CSIRO_Mk3.5), 0.983 (GFDL_CM2.0), 0.987 
(GFDL_CM2.1), 0.954 (GISS-ER), 0.969 (INMCM3.0), 
0.991 (IPSL_CM4), 0.981 (MIROC3.2(medres)), 0.981 
(ECHO_G), 0.988 (ECHAM5/MPI-OM), 0.961 (MRI_ 
CGCM2.3.2), 0.987 (CCSM3.0), 0.988 (PCM1), 0.948 
(UKMO_HadCM3), and 0.991 (ensemble mean). As 
such, the above models can dependably reproduce spa-
tial pattern of annual surface temperature in China for 
the baseline period. As a whole, the ensemble mean 
shows a relatively high reliability, in line with the pre-
vious results[32–34], which corroborates our approach to  
 
 
Figure 1  Mean annual surface temperature (Unit: ℃) for the 1990 to 1999 period derived from the CRU observation data[35] (a) and the 
seventeen-model ensemble mean in the 20C3M (b). 




























use multi-model ensemble mean. 
2  Results 
The territory of China consists of arid desert and Gobi 
regions in western parts, semiarid loess plateau and 
grassland regions in central parts, and semi-humid and 
humid regions in eastern parts. Large zonal and longitu-
dinal width of the territory and topographic relief result 
in complexity of climate conditions. Towards a better 
understanding of how spatial and temporal characteris-
tics of 1℃, 2℃ and 3℃ warmings above the baseline 
climate would evolve in the future, the above three se-
ries of difference fields of the seventeen-model ensem-
ble mean surface temperature from 2004 to 2099 are 
respectively smoothed with a nine-year running mean. 
The reason behind is that the ensemble mean surface 
temperature, like that of an individual model, is also 
featured by inter-annual variability, and the running 
mean can exclude from signals of short-term climate 
variability, which is helpful to detecting relatively stable 
trend of surface temperature change. 
2.1  Projection of 1―3℃ warming for the whole 
China 
Under global warming, it is interesting to take the 
mainland of China as a whole and then investigate how 
its annual surface temperature would evolve over time. 
According to each scenario, three series of regionally 
averaged surface temperature changes over the 21st 
century, with respect to the baseline period, are respec-
tively figured out on the basis of forty-one grid points 
within China. As shown in Figure 2, annual surface 
temperature would continue to rise in China. The rate of 
warming is slower in the SRES B1 than in the other two 
scenarios, and 1℃ and 2℃ warmings occur respec-
tively in 2034 and 2072. The rate of warming is compa-
rable between the SRES A1B and A2 before 2028. The 
rise of surface temperature is slightly large in the SRES 
A1B compared to A2 during 2028―2067, which agrees 
with synchronous changes of globally averaged surface 
temperature[30] and can be attributed to more emission of 
greenhouse gasses in the early 21st century in the SRES 
A1B. Collectively, 1℃, 2℃ and 3℃ warmings are re-
spectively registered in 2027 (2025), 2049 (2053) and 
2074 (2071) in the SRES A1B (A2). 
It is well known that models’ behaviors are different 
when they are forced by same or similar forcings. In an 
attempt to estimate uncertainty of the above AOGCMs’ 
results in China, standard deviation of annual surface 
temperature changes as derived from the seventeen 
AOGCMs is respectively calculated year by year in terms 
of each of the three scenarios. The shaded ranges embed-
ded in Figure 2 indicate that there are disagreements 
among the projections of the seventeen AOGCMs. 
 
 
Figure 2  Seventeen-model ensemble mean annual surface temperature changes (relative to 1990―1999), regionally averaged within the 
mainland of China, for the SRES A2, A1B, and B1. For each scenario, shading denotes the ±1 standard deviation range of individual model 
annual means after a nine-year running mean. 
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Moreover, like the case of synchronous global surface 
temperature projections[30], the range of uncertainty be-
comes large over time on the whole. 
2.2  Projection of 1℃ warming 
The geographical distribution of the year when 1℃, 2℃ 
and 3℃ warming of annual surface temperature is rea- 
ched varies with region in each scenario. In general, the 
rate of warming is faster in northern China and the Ti-
betan Plateau, particularly for higher critical values. In 
the SRES B1, 1℃ warming occurs firstly in western 
and central Tibet, western Qinghai and Gansu, Xinjiang, 
and most parts of Northeast China, and part of Inner 
Mongolia during 2025―2029, and then in the rest of 
Inner Mongolia, eastern and central Gansu and Qinghai, 
western Sichuan, and eastern Tibet in the early 2030s 
(Figure 3). After that, it is registered in North China, the 
lower reaches of Yellow and Huaihe Rivers, eastern Si-
chuan, and Chongqing during 2036―2039, and in the 
lower reaches of Yangtze River and South China in the 
early 2040s. The rate of 1℃ warming is relatively slow 
in Taiwan (2049) and Hainan (2053). 
With respect to the SRES B1, more emission of at-
mospheric greenhouse gasses is assumed in the SRES 
A1B, and the corresponding rate of warming is therefore 
faster. In China, 1℃ warming is presented firstly in the 
areas west of 97.5°E, Northeast China, most parts of 
North China and Inner Mongolia, Qinghai, and western 
Gansu during 2021―2025, and then in western Sichuan, 
eastern Gansu, mid-western Inner Mongolia, and the 
lower reaches of Yellow and Huaihe Rivers in the late 
2020s. Afterwards, it appears in the middle and lower 
reaches of Yangtze River and South China during 
2030―2035. The rate of warming is still slow in Taiwan 
(2038) and Hainan (2041).  
As far as the whole 21st century is concerned, total 
emission amount of atmospheric greenhouse gasses is 
larger in the SRES A2 than in the other two scenarios[31], 
and the associated magnitude of global warming is 
therefore largest as a whole. However, total emission 
amount of atmospheric greenhouse gasses is comparable 
between the SRES A2 and A1B in the first half of the 
21st century. Moreover, more emission amount is as-
sumed in the latter scenario before 2020[31]. As a result, 
the spatial pattern of the year when 1℃ warming occurs 
in the SRES A2 agrees generally with that in the SRES  
 
Figure 3  Geographical distribution of the time when 1℃ warming 
of annual surface temperature above the baseline climate for 
1990―1999, as projected by the seventeen-model ensemble mean 
where each model results are smoothed with a nine-year running 
mean, occurs in the SRES B1, A1B, and A2. 
 
A1B, both of which are featured by a zonal distribution 
and a short time toward the north. Disagreement between 
each other lies in the fact that the rate of 1℃ warming is 
3―7 years slower (2―6 years faster) in the SRES A2 
than in A1B in the areas south (north) of about 35°N. 
It should be reminded that the above results are de-
rived from the seventeen-model ensemble mean. Since 




























results vary from model to model, focusing on each of 
the forty-one grid points within China in each scenario, 
standard deviation of the time when 1℃ warming ap-
pears is respectively calculated on the basis of the 17 
AOGCMs’ results in order to measure uncertainty of the 
ensemble mean. The results show that the standard de-
viation is largest in the SRES B1 and varies from 10 to 
20 years with an average value of 14 years. In the SRES 
A2, it is on average 11 years with a range of 8 to 16 
years. The standard deviation is smallest in the SRES 
A1B with an average value of 9 years and a range of 6 to 
11 years. Therefore, it should be emphasized that there 
are disagreements among the seventeen AOGCMs’ pro-
jections in China and the spread of uncertainty should be 
kept in mind when the seventeen-model ensemble mean 
described in the present study is referred to. By the way, 
standard deviation of the time when 2℃ or 3℃ warm-
ing appears is not analyzed hereinafter because these 
two values are not exceeded by part of the models in the 
21st century in each of the three scenarios and uncer-
tainty therefore cannot be measured by this statistical 
variable. 
2.3  Projection of 2℃ warming 
At present, the time when 2℃ warming of annual sur-
face temperature above the 1990s would occur has been 
widely concerned. For example, the European Union has 
committed itself to limiting global warming to a maxi-
mum 2℃ average temperature increase by reducing 
global emissions of greenhouse gasses. It is suggested 
that if increase of annual surface temperature crosses 
this threshold, the corresponding climate changes would 
lead to a series of severe social, environmental, and 
ecological problems, such as increase in the risk of ex-
treme weather and climate events (e.g., flood, drought, 
and heatwave)[4]. It can be seen from Figure 4 that the 
rate of warming is slower in the SRES B1 than in the 
other two scenarios. 2℃ warming occurs firstly in the 
areas north of 37.5°N, Qinghai, and Tibet during 2064―
2069, and then respectively in eastern Gansu, Shaanxi, 
southern Shanxi, Henan, and southwestern Shandong in 
2072, western Sichuan in 2078, and most parts of Shan-
dong and Jiangsu in 2088. Finally, it occurs in eastern 
Sichuan, Chongqing, Hubei, northern Hunan and Jiangxi, 
southern Anhui, Zhejiang, and Shanghai during 2089―
2093. In contrast, increase of surface temperature is less 
than 2℃ in the rest of South China in the 21st century. 
 
Figure 4  Same as in Figure 3, but for 2℃ warming. Blanking de-
notes the magnitude of warming below 2℃ in the 21st century. 
 
The rate of warming is faster in the SRES A1B than in 
the above B1. 2℃ warming is registered firstly in the 
areas north of 37.5°N, Gansu, Qinghai, and Tibet in 
around 2045, and then respectively in the lower reaches 
of Yangtze-Huaihe River Valley and the middle and lower 
reaches of Yangtze River in the early 2050s and in Yun-
nan, Guangdong, Guangxi, southern Hunan and Jiangxi, 
and southwestern Fujian during 2060―2061. The rate of 
warming is lowest in Taiwan (2068) and Hainan (2076). 
In the SRES A2, 2℃ warming occurs firstly in the 
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areas west of 92.5°E, western Gansu, and Northeast 
China during 2047―2049, and then in eastern Tibet, 
most parts of Qinghai and Gansu, central Inner Mongo-
lia, and North China in the early 2050s. After that, it 
appears in the lower reaches of Yangtze River, Sichuan, 
Chongqing, southwestern Hubei, and northwestern Hu-
nan in the late 2050s and in the rest of South China dur-
ing 2060―2064. Finally, 2℃ warming happens in Tai-
wan (2069) and Hainan (2074). 
Intercomparison of the spatial pattern of the time 
when 2℃ warming occurs between the SRES A1B and 
A2 (Figure 4) shows that the time is later in the SRES 
A2 than in A1B in the mainland of China excluding 
Hainan. The reason behind is that total emission amount 
of atmospheric greenhouse gasses is more in the SRES 
A1B than in A2 before 2020, although it remains com-
parable between these two scenarios in the first half of 
the 21st century[31]. Since atmospheric lifetime of main 
greenhouse gasses is long (e.g., atmospheric lifetime of 
CO2 is longer than one hundred years), more emission in 
the early period can generate a larger warming effect and 
consequently give rise to a faster rate of warming in the 
middle of the 21st century in the SRES A1B relative to 
A2. 
2.4  Projection of 3℃ warming 
In the SRES B1, although annual surface temperature 
would continue to rise, the magnitude of warming is less 
than 3℃ at the grid points within China by the end of 
the 21st century. Therefore, geographical distribution of 
the time for 3℃ warming is only limited to the SRES 
A1B and A2 in Figure 5. In the SRES A1B, similar to 
the above spatial pattern of the time for 1℃ or 2℃ 
warming, 3℃ warming occurs firstly in the areas west 
of 92.5°E, Northeast China, central and western Qinghai, 
and western Gansu and Inner Mongolia in the mid- and 
late 2060s and then in mid-western Inner Mongolia, 
northern Shaanxi and Shanxi, most parts of North China, 
eastern Qinghai and Gansu, and eastern Tibet in the 
early 2070s. After that, it occurs in western Sichuan, 
central Shaanxi, Henan, Shandong, and Jiangsu in the 
late 2070s and finally in the middle and lower reaches of 
Yangtze River and most parts of Yunnan in around 2090. 
In contrast, the magnitude of warming is less than 3℃ 
in the rest of South China in the SRES A1B. 
In the SRES A2, the rate of warming is fastest in the 
areas west of 97.5°E, Northeast China, eastern  
 
Figure 5  Same as in Figure 3, but for 3℃ warming in the SRES 
A1B and A2. Blanking denotes the magnitude of warming below 3℃ 
in the 21st century. 
 
Qinghai, and western Gansu, where 3℃ warming oc-
curs during 2064―2069. Then, 3℃ warming is regis-
tered in the lower reaches of Yellow River, eastern 
Gansu, and western Sichuan during 2070―2072, in the 
Yangtze-Huaihe River Valley and the middle reaches of 
Yangtze River in the mid-late 2070s, in the rest of South 
China during 2080―2085, and in Taiwan in 2093. In 
contrast, the magnitude of warming is less than 3℃ in 
Hainan in the 21st century. 
As mentioned above, total emission amount of at-
mospheric greenhouse gasses is comparable between the 
SRES A1B and A2 in the first half of the 21st century, 
and difference between each other mainly lies in the 
second half of the 21st century. As a result, the geo-
graphical distribution of the time when 3℃ warming 
occurs is in general consistent between these two sce-
narios. It can be found that the time for 3℃ warming is 
earlier in the mainland of China excluding Northeast 
China and northwestern Xinjiang in the SRES A2 than 
in A1B, implying that influence due to more emission of 




























atmospheric greenhouse gasses in the SRES A2, relative 
to the SRES A1B, emerges after the 2070s. Prior to this 
threshold time, surface temperature changes in China are 
comparable between the SRES A2 and A1B on the 
whole. 
3  Conclusions 
Based on the SRES emission scenarios B1, A1B, and A2 
for atmospheric greenhouse gasses and aerosols, a num-
ber of climate models have been used to make projec-
tions of anthropogenic climate change over the 21st 
century. Here, two sets of simulations derived from the 
seventeen AOGCMs participating in the IPCC AR4 and 
20C3M are used to analyze spatial and temporal charac-
teristics of the time when 1℃, 2℃ and 3℃ warmings 
of annual surface temperature respectively occur in 
China by use of a multi-model ensemble projection. The 
primary conclusions are as follows: 
(1) Taken the mainland of China as a whole, 1℃ and 
2℃ warmings respectively occur in 2034 and 2072 in 
the SRES B1, and 1℃, 2℃ and 3℃ warmings are re-
spectively registered in 2027 (2025), 2049 (2053) and 
2074 (2071) in the SRES A1B (A2). 
(2) The rate of warming varies with region in China. 
In summary, it is fastest in the areas west of about 
97.5°E and Northeast China, and then in the reaches of 
Yellow and Yangtze Rivers. In contrast, the rate of 
warming is slowest in South China, Taiwan, and Hainan. 
(3) In China, 1℃ warming occurs respectively dur-
ing 2025―2044 in the SRES B1, during 2021―2035 in 
the SRES A1B, and during 2019―2040 in the SRES A2. 
In addition, the rate of warming is slower in Taiwan and 
Hainan than in the rest of China. 
(4) In the SRES B1, increase of annual surface tem-
perature crosses 2℃ during 2064―2093 in China ex-
cluding most parts of South China where the magnitude 
of warming is less than 2℃. The spatial pattern of the 
time for 2℃ warming is well consistent between the 
SRES A1B and A2, and 2℃ warming is consistently 
registered during 2043―2064. The rate of warming is 
still slowest in Taiwan and Hainan. 
(5) Although annual surface temperature would con-
tinue to rise, the magnitude of warming is less than 3℃ 
in China over the 21st century in the SRES B1. In the 
SRES A1B, 3℃ warming occurs during 2062―2094 in 
China excluding most parts of South China where the 
magnitude of warming is below 3℃. 3℃ warming is 
registered in the mainland of China during 2064―2085 
and in Taiwan in 2093, whereas it is not exceeded in 
Hainan in the SRES A2. 
Finally, we would like to stress that the above results 
should be regarded as state-of-the-art projections, by 
AOGCMs, of the spatial and temporal characteristics of 
the time when 1℃, 2℃ and 3℃ warmings of annual 
surface temperature respectively occur in China over the 
21st century. In addition, uncertainties in the emission 
scenarios for atmospheric greenhouse gasses and aero-
sols and inadequacies in the formation of the AOGCMs 
give rise to the nature of uncertainty of the above 
AOGCMs’ projections. 
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